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Abstract
Sidman et al.’s (1982) failure to find evidence for symmetry (bidirectional associations between
stimuli) in monkeys and baboons set the stage for decades of work on emergent relations in
nonhumans. They attributed the failure to the use of procedures that did not (1) promote stimulus
control based on the relation between the sample and correct comparison and (2) reduce control
by irrelevant stimulus features. Previous reviews of symmetry in nonhumans indicated that
multiple exemplar training and successive matching might encourage appropriate stimulus
control. This review examined 16 studies that investigated symmetry in 94 subjects, including
pigeons, rats, capuchin monkeys, and baboons. Several studies used alternative training
procedures to minimize sources of irrelevant stimulus control, and many combined multiple
exemplar training with other procedural modifications. Symmetry was observed in
approximately 30% of subjects. Studies that reported the strongest evidence for symmetry used
successive matching-to-sample procedures that included training on both symbolic and identity
relations, and studies finding mixed evidence employed alternative methods. These studies
highlight the challenge in creating training procedures that promote symmetry and the need to
assess the underlying sources of control on positive demonstrations.
Keywords: symmetry, bidirectional associations, multiple exemplar training, successive
matching to sample, nonhumans
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An Update on the Search for Symmetry in Nonhumans
In 1982, Sidman and colleagues (Sidman & Tailby, 1982; Sidman et al., 1982) set the
stage for decades of work on emergent relations and the nature of stimulus control in conditional
discrimination tasks such as matching-to-sample (MTS). Their work was significant because it
drove home the point that observed MTS performance (e.g., matching a vertical sample to a red
comparison) might not be based on the relation between the stimuli (i.e., true matching) but
rather on other types of stimulus control that may be better characterized as rote conditional
discrimination (cf. Carter & Werner, 1972). Sidman et al. illustrated this point in a series of
experiments investigating evidence for symmetry in nonhumans (monkeys and baboons) and
compared the results to those of human children trained on the same procedures. Symmetry is
defined as a bidirectional relation between the samples and comparisons in an MTS task (i.e.,
emergent BA matching after AB matching training where A and B refer to different stimulus sets
of at least two stimuli; A refers to the sample and B refers to the reinforced comparison in a
conditional discrimination). Despite going to great lengths to conduct training in such a way as to
encourage the development of stimulus control between the sample and correct comparison, no
nonhuman showed evidence for symmetry, whereas most of the children did. Given some of the
findings in the animal categorization literature at the time (e.g., Savage-Rumbaugh et al., 1980),
these results were particularly surprising. Nonetheless, Sidman et al. did not conclude that this
emergent relation was beyond the capability of nonhumans. Rather, they stated that “Incorrect
specification by the experimenter of the controlling stimuli in the conditional discrimination may
be the most fundamental factor underlying the absence of symmetry” (p. 43) and stressed that
procedures needed to be developed to identify and eliminate irrelevant sources of stimulus
control.
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Work on emergent relations in nonhumans has been reviewed several times (e.g., Galizio
& Bruce, 2018; Khallad, 2004; Lionello-DeNolf, 2009; Zentall et al., 2014). Lionello-DeNolf
(2009) reviewed work on symmetry published from 1982 through 2007 and found that
approximately 42% of the animals tested had shown evidence for symmetry (see Table 2 in
Lionello-DeNolf, 2009). Of 24 studies reviewed, only three had found consistent evidence for
symmetry: in two sea lions (Kastak et al., 2001; Schusterman & Kastak, 1993) and three pigeons
(Frank & Wasserman, 2005).
The successful demonstrations of symmetry differed from the rest of literature in the
training procedures used. There were two notable features in Schusterman and Kastak (1993).
First, although a two-choice MTS procedure was used, multiple incorrect (S-) stimuli were
presented across trials in order to reduce potential control by the negative comparison. In other
words, a given sample (A1) was always followed by the correct comparison (B2) and one
incorrect comparison, but the specific incorrect comparison differed across trials (i.e., B2 on
some trials, B3 on other trials, etc.). Second, a multiple exemplar training (MET) procedure was
used: If the sea lion did not show symmetry on the initial trials with a given relation, symmetry
was directly trained with that relation. After direct training on AB and BA matching with seven
relations, the sea lion showed emergent symmetry on tests with 15 additional relations. In Frank
and Wasserman (2005), pigeons were trained on AB MTS using a successive procedure in which
samples and comparisons were presented in the same location on every trial. On half the trials,
samples were followed by presentation of only the correct comparison (e.g., A1B1) and
responding was reinforced. On the other half of trials, samples were followed by the incorrect
comparison (e.g., A1B2) and trials ended in non-reinforcement. In addition, the pigeons were
concurrently trained on AA and BB identity successive MTS. Two pigeons passed subsequent
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symmetry tests. Follow-up experiments indicated that the intermixed identity training was a
critical procedural component.
Despite the predominantly negative and mixed evidence for symmetry summarized in the
Lionello-DeNolf (2009) review, the successful demonstrations suggested some important
variables to be considered when designing training and testing procedures. For instance,
procedures that deviated from the standard MTS procedures with two or three comparisons
simultaneously presented per trial were more likely to be successful, possibly because these
procedures ensured that both simultaneous and successive discriminations were made between
all of the stimuli prior to test. When trained on AB MTS, for example, subjects experience the A
stimuli separately, as samples, across training trials and are thus required to make a successive
discrimination between them. In addition, subjects experience the B stimuli presented together as
comparisons on every trial and are thus required to make a simultaneous discrimination between
them. However, in the symmetry test, when the B stimuli are presented separately as samples, a
successive discrimination is required, and when the A stimuli are presented together as
comparisons, a simultaneous discrimination is required. Procedures that ensured the subject
could make both types of discriminations with both the A and B stimuli were more likely to
report evidence for symmetry.
Alternative procedures may also have been successful because they controlled for
variables such as where and when a stimulus appeared and promoted appropriate stimulus
control between the sample and comparison stimuli (i.e., select and reject control). Select and
reject control refer to the nature of the controlling relation between the sample and comparison in
an MTS task. Under select control, the relation is between the sample and the correct comparison
(e.g., given sample A1, select comparison B1) and there is no requirement for stimulus control
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between the sample and the incorrect comparison(s). By contrast, with reject control, the relation
is between the sample and the incorrect comparison (e.g., given sample A1, reject comparison
B2), and there is no requirement for control between the sample and the correct comparison.
Notably, both types of stimulus control could be present in a conditional discrimination baseline
performance but would not be detectable based on that performance. Prior work (Carrigan &
Sidman, 1992; Johnson & Sidman, 1993) had demonstrated that a conditional discrimination
baseline consisting of reject control would result in below chance accuracy on symmetry tests,
and studies with human participants have suggested that establishing both select and reject
control might be important for demonstrating equivalence (Carr et al., 2000; Stromer & Osborne,
1982; de Rose et al., 2013).
Lionello-DeNolf (2009) pointed out that both Frank and Wasserman (2005) and
Schusterman and Kastak (1993) had used procedures that encouraged select control. For
example, in Schusterman and Kastak (1993), a two-choice MTS procedure was used, but across
trials multiple incorrect comparisons were presented with the same sample-correct comparison
pair. This procedure could bias responding toward select control because there are fewer
controlling relations than responding based on reject control. In the successive MTS procedure
used by Frank and Wasserman (2005), trials in which samples are followed by correct
comparisons encourage select control (because responding is reinforced) and those the end in
non-reinforcement encourage reject control (because the trial ends in extinction).
Developments since 2007
The Lionello-DeNolf (2009) review included studies published through 2007. This
review will cover studies published from 2008 through 2019 (plus one study from 2020) and
includes 16 reports. The general focus during this time was to continue testing alternative
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methods for assessing symmetry in nonhumans, and with one exception, they can all be
classified as failures to demonstrate symmetry or as providing mixed evidence. The exception is
Urcuioli (2008) and a series of follow-up studies, which demonstrated symmetry in a systematic
replication of Frank and Wasserman (2005). Below, the studies that failed to find evidence for
symmetry and those that found mixed evidence will be discussed first. Then, Urcuioli (2008) will
be discussed with a review of a of theory of stimulus class formation that was developed based
on those data.
Multiple Exemplar Training
The Lionello-DeNolf (2009) review had suggested three variables that might be
particularly important for demonstrating symmetry: (1) the presence of either exclusive select
control or both select and reject control in the subject’s conditional discrimination baseline
(because the presence of both may encourage class separation); (2) MET training (because it
encourages generalized symmetry by minimizing control by irrelevant stimulus features) and (3)
successive MTS (because it encourages select and reject control and controls for some irrelevant
stimulus features). Since 2007, one study assessed select/reject control in a MET context and
multiple studies have combined MET with other procedural variations. All these studies involved
the use of visual stimuli presented on response keys or computer touchscreens.
Brino et al. (2014) found evidence for symmetry in a capuchin monkey after MET and
then explicitly tested for select and reject control. The monkey had an extensive history with
simple and conditional discriminations, had shown generalized identity MTS, had learned
multiple MTS relations with arbitrary stimuli, and had demonstrated learning through exclusion
(Wilkinson et al., 1996). Prior training had established four AB relations and their symmetric
counterparts. In this study, a fifth AB relation was trained using two- or three-comparison MTS
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and symmetry was tested. The stimuli were clip art images of real-world objects, and baseline
training consisted of the new AB relation plus two of the formerly acquired relations (i.e., A1B1,
B1A1, A2B2, and B2A2). Select and reject control in the baseline relations were assessed prior
to symmetry trials and indicated stronger evidence for reject (92% correct) than select (86%)
control, although both were present. Symmetry test trials were intermixed with baseline trials
and correct responses were reinforced. Over three test sessions, the monkey’s accuracy on
symmetry test trials was 96%. However, when select and reject control were assessed in
subsequent sessions, every trial assessing reject control was passed, and every trial assessing
select control was failed. These results indicate that the accurate BA matching on symmetry
trials was not based on a bidirectional relation between the sample and correction comparison
(cf. Sidman & Tailby, 1982) but rather on other sources of stimulus control. Brino et al. point out
that if they had stopped their investigation after the initial symmetry tests, a very different
conclusion would have been drawn. These results highlight the need for stimulus-control tests to
verify that demonstrations of symmetry are based on a bidirectional relation between the sample
and comparison stimuli. Moreover, these results suggest that past studies showing mixed
evidence for symmetry may also simply be cases of “apparent” symmetry rather than true
symmetry.
One issue in conducting symmetry test trials with nonhumans is whether to reinforce
responding on symmetry probe trials. Tests in extinction provide a stronger demonstration of
symmetry because performance is not influenced by the effects of reinforcement during testing.
However, use of extinction on probe trials may allow subjects to discriminate that probe trials
will not be reinforced, which may cause inappropriate patterns of stimulus control to develop (cf.
Dube & McIlvane, 1996). One way to solve this issue is to reinforce symmetrical responding on
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test trials for some subjects but reinforce nonsymmetrical responding on test trials for other
subjects (e.g., Urcuioli & Zentall, 1993). If responding is based on symmetry, it is expected that
accuracy on the first test session will be high for subjects whose symmetrical responses were
reinforced and low for subjects whose nonsymmetrical choices were reinforced. In addition,
these latter subjects should have more trials to reach criterion than the former group. One
potential problem with this approach is that reinforcement of responding inconsistent with
symmetry could cause the merger of stimulus classes. Velasco et al. (2010) developed a
procedure to avoid this problem. They trained pigeons on conditional relations with two stimulus
sets (AB and CD) and tested for symmetry by reinforcing choices consistent with one relation for
each set (e.g., B1A1, D1C1) and reinforcing choices inconsistent with symmetry for the other
relation in the set (e.g., D2A2, B2C2). The inconsistent trials served as a control for reinforced
responding on symmetry trials, and chance accuracy was expected on those trials. No evidence
for symmetry was initially found, so these relations were trained to high accuracy (i.e., MET). A
second symmetry test was then conducted. In this latter test, all the pigeons matched above
chance on symmetry trials (69–77%), but only two matched at chance on nonsymmetrical trials
(the other two matched below chance). Additional analyses indicated that there was no
conditional control by the sample in the performances of some of the pigeons. Thus, the evidence
for symmetry in this study is not strong (1 of 4 pigeons), and there were no controls for stimulus
location or the temporal order of stimulus presentation.
Soares Filho et al. (2016) conducted a systematic replication of Velasco et al. in one
capuchin monkey. There were four training phases: AB training followed by BA testing in which
relations consistent with symmetry were reinforced and CD training followed by DC testing in
which relations inconsistent with symmetry were reinforced. Training was conducted to reduce
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control by stimulus location by presenting stimuli in a variety of locations across trials.
Symmetry was assessed by comparing acquisition of BA and DC matching, which would be
determined by faster acquisition of the BA (consistent) than DC (inconsistent) relation. The
results showed faster of acquisition of BA than DC matching, but performance on the first test
session was similar for the two tests (approximately at chance). While the authors have
suggested that these results may be an example of emergent symmetry after MET with one
exemplar, it is possible that differences in acquisition of the BA and DC relations were due to
differences in stimulus discriminability rather than symmetry (cf. Carter & Eckerman, 1975), as
no procedures to assess stimulus discriminability were employed.
Bujedo et al. (2014) and Navarro and Wasserman (2020) have reported the most
extensive use of MET since Schusterman and Kastak (1993). Over a period of 46 months, four
pigeons in Bujedo et al. were trained on a series of AB relations, each followed by a symmetry
test and training to criterion if necessary. The procedure included good counterbalancing of
stimulus sets and required an FR 10 response to both the sample and correct comparison (one
peck to the incorrect comparison terminated the trial), but stimulus location was not controlled
during training and a low accuracy criterion was used (80%). The pigeons were tested on 4–12
symmetrical relations over the course of the study, but when an AB discrimination was trained
with a new stimulus set, trials with the previously trained sets were discontinued. The dependent
measures were the number of sessions to reach criterion and the difference in the number of
sessions between the initial and reversed discriminations. The results indicated variability within
and across subjects on the total number of sessions to reach criterion. In addition, there was no
consistent pattern in comparing the number of sessions to learn the symmetrical relations versus
the baseline relations, but, on average, learning the symmetrical relations took longer. Additional
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analyses indicated several variables affected acquisition of the relations. The first was stimulus
discriminability; evidence for two pigeons indicated that the stimuli in some stimulus sets were
more difficult for the subjects to discriminate than others (cf. Carter & Eckerman, 1975).
Moreover, the change from a forward to a reversed relation changed the type of discrimination
the subject needed to make between the stimuli (e.g., when given stimuli are presented as
comparisons, a simultaneous discrimination is required, but when those same stimuli are
presented as samples, a successive discrimination is required). The results indicated that these
changes in the type of discrimination required affected terminal accuracy on the matching tasks
for some stimulus combinations. Finally, there was evidence that stimulus-comparison
configurations controlled responding by two pigeons in some instances (cf., Carter & Werner,
1978). These results underscore the need to assess stimulus discriminability and ensure
simultaneous and successive discriminations between the stimuli during training. In addition, the
practice of removing previously learned relations from the baseline when new relations were
added may have worked to prevent generalized symmetry from developing during the MET
training. This is an important variable to explore in future research.
In Navarro and Wasserman (2020), four pigeons were concurrently trained on
bidirectional (AB, BA) and unidirectional (AB) MTS with visual stimuli (color images of threedimensional objects and two-dimensional patterns) from two stimulus sets of 16. The procedure
was two-choice MTS without procedures to minimize control by stimulus location, but the Sstimuli rotated across trials (as in Schusterman & Kastak, 1993). Stimuli from set 1 were used for
bidirectional training trials. Stimuli from set 2 were used for unidirectional training trials, of
which there were two trial types. On no-conflict trials, the sample was followed by two
comparisons that did not potentially have a bidirectional relation as a result of training. For
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example, on some training trials, S1 may have been followed by S2+ and S3- comparisons
(where “+” and “-” refer to correct and incorrect choices). On other trials, S1 might have been
presented as a comparison, but after S3 as a sample (e.g., S3 followed by S1- and S4+). On
conflict trials, the incorrect comparison was positively related to the sample on other trials. For
example, given S1 as a sample and S2+ and S3- as comparisons, when S2 was the sample, the
comparisons were S1- and S6+, which forced the subject to respond away from a stimulus that
had been related to the sample on other trials. The logic of this design was that if training
resulted in bidirectional relations, acquisition should be slower on conflict trials relative to noconflict trials and that acquisition of no-conflict trials should be slower than bidirectional trials.
However, the four pigeons acquired all three trial types at the same rate, which can be contrasted
with data from 12 humans trained on the same procedure using the same stimuli. The humans
showed faster acquisition of the bidirectional than the no-conflict unidirectional trials, and they
did not learn the conflict unidirectional relations, showing strong evidence for symmetry.
Alternative Procedures for Assessing Symmetry
Medam et al. (2016) tested for symmetry in 12 baboons. They hypothesized that
categorization training might induce flexibility and promote bidirectionality between stimuli. In
Experiment 1, the baboons were trained to sort 120 pictures into two categories: bears and cars.
Training consisted of a series of matching tasks in which the samples and comparisons could
randomly appear in one of four locations on a computer screen. On “object-label” (OL) trials, 60
images of a bear or car were matched to the numerals 1 and 2, respectively (i.e., a many-to-one
matching procedure). On “label-object” (LO) trials, the numeral was the sample and the different
images were the comparisons (i.e., a one-to-many matching procedure). Sixty examples of the
OL relation per set were trained, but only one example of the LO relation per set was trained.
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Thus, training consisted of 120 AB examples (different bear or car stimuli matched to the
numerals 1 and 2, respectively) and two BA examples (the numerals 1 and 2 matched to one bear
and car example, respectively). The accuracy criterion was low (80%). New AB examples were
introduced in sets, which allowed the assessment of categorization of new stimuli. Accuracy was
significantly above chance with the introduction of new exemplars, indicating categorization and
replicating previous categorization demonstrations in pigeons (e.g., Wasserman et al., 1992).
Test sessions included all baseline trials and the remaining LO (i.e., symmetry) trials, and all
correct responses were reinforced. On symmetry trials, four baboons matched above chance, but
below the accuracy criterion (i.e., approximately 60% or below). In Experiment 2, LO relations
were trained and OL relations were tested (with different stimulus sets). The subjects were two
baboons from Experiment 1 and three new baboons. One subject did not meet the training
accuracy criterion but was still given the symmetry test. In test sessions, there was a slight
decrement in accuracy on baseline trials and no evidence for symmetry.
Vasconcelos and Urcuioli (2011) conducted a systematic replication of García and
Benjumea (2006). In that study, symmetry was found in pigeons using a procedure in which the
pigeons’ responses served as the samples: After pecking left, choosing one comparison was
reinforced and after pecking right, choosing the other comparison was reinforced. On symmetry
tests, both keys were lit with the same comparison stimulus. Where the pigeon initially pecked
and how many pecks occurred to each location were recorded. In García and Benjumea, 90% of
the initial responses were consistent with symmetry, but the overall percentage of pecks to the
symmetrical location was approximately 60% (which was statistically different than chance). In
Vasconcelos and Urcuioli, the same procedure was used initially, but the pigeons did not achieve
the accuracy criterion even after a correction procedure was implemented, and additional
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procedural modifications were needed for the baseline criterion to be achieved. There were two
probe tests. In the first, the two keys were lit with the same comparison and where the pigeons
responded was measured (as in García & Benjumea); four of six pigeons showed evidence for
symmetry. In the second, both comparisons were presented simultaneously as a sample (i.e., one
on the left key and the other on the right); on half the trials, the sample stimulus was presented in
the location consistent with symmetry and on the other half it was presented in the location
inconsistent with symmetry. The dependent measure was latency to the first peck, which was
expected to be longer on trials inconsistent with symmetry than trials consistent with symmetry.
The results showed that latencies were shorter on consistent trials for initial probes, but all
latencies grew with repeated probe tests and the difference on consistent versus inconsistent trial
types soon disappeared. Two follow-up studies (with different pigeons) included procedural
variations relative to Experiment 1 and showed mixed evidence for symmetry across groups
(individual subject performance was not evaluated).
Campos et al. (2011) tested for symmetry in four pigeons using a successive MTS
procedure in which the sample and a comparison stimulus (either correct or incorrect) were
simultaneously presented on either side of the same response key (cf. Grisante et al., 2013). This
procedure has been used with humans to demonstrate reflexivity, transitivity, and symmetry
(e.g., Debert et al., 2007). In this study, the response key was bisected into two semi-circles and
the pigeons were trained to peck at A1B1, B1C1, A2B2, B2C2 and to not peck at A1B2, A2B1,
B1C2, and B2C1. Stimuli were colors (red, blue, and orange; green, yellow, and purple), and
during training, each stimulus was presented on the same half of the key for each trained relation
pair. Pecking positive combinations (e.g., A1B1) was reinforced, and negative trials ended in
extinction. Pigeons were first trained on the AB relation to criterion, and then were trained on the
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BC relation to criterion, which was followed by sessions in which AB and BC trials were
intermixed. Symmetry was tested in a single session intermixed with baseline trials; in test
sessions, accurate responding on baseline trials was reinforced, but no responses were reinforced
on symmetry trials. In separate test sessions, transitivity and equivalence were also assessed. Test
data were analyzed in terms of the number of responses to related and non-related compounds.
Symmetry tests were positive: There was a slight decrease in the number of responses to related
compounds relative to baseline but little responding to non-related compounds. Transitivity and
equivalence trials were negative: There was little responding on either type of compound, and
when responding did occur, it was to negative compounds. The authors hypothesized that these
results could be explained by primary stimulus generalization and suggested a test would be to
rotate the stimuli in other ways or to spatially separate the stimuli in a test session. This was
directly tested in a follow-up study by Campos et al. (2015), and the results were mixed: Only
one of the four pigeons passed all the tests designed to rule out primary stimulus generalization.
The remaining three pigeons passed some tests but not others. Together, these two studies
provide evidence for symmetry in one pigeon and suggest multiple sources of stimulus control in
the performances of the other three pigeons.
Successive MTS
Whereas attempts to replicate Schusterman and Kastak’s (1993) success with MET have
resulted in little evidence for symmetry, there have been successful replications of Frank and
Wasserman (2005). Urcuioli (2008) reported a series of experiments in which symmetry was
investigated under conditions that controlled for stimulus location, and Experiment 3 of that
report used successive MTS. Eight pigeons were concurrently trained on AB, AA, and BB
matching with all visual stimuli. This training procedure ensured that: (1) the pigeons were able
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to make both successive discriminations between all the stimuli, (2) they had experience with
each stimulus as both a sample and a comparison, (3) control by stimulus location was
eliminated, and (4) control by stimulus configurations was eliminated. The dependent measure
was a discrimination ratio (DR; calculated by the number of pecks on reinforced trials by the
number of pecks on all trials), and after reaching a DR of .80, pigeons received 10 overtraining
sessions. One pigeon did not reach the accuracy criterion and was dropped from the study.
Symmetry tests consisted of unreinforced probes inserted into the baseline trials. To minimize
the effects of extinction on test trials, each test session contained only eight probe trials
intermixed with 96 reinforced baseline trials. Eight test sessions were conducted, and there was a
return to baseline for five sessions after every two symmetry test sessions (for a total of 64
symmetry probes across all test sessions). Probe trial data were analyzed in terms of the number
of pecks on baseline and symmetry trials for both positive and negative trial types. The results
indicated that over the first four symmetry tests, five of seven pigeons pecked more on positive
symmetry test trials than on negative symmetry test trials, but that there was less responding on
symmetry trials than on baseline trials overall. Other measures confirmed symmetry in four of
the pigeons.
Based on the results of Experiment 3, Urcuioli (2008) developed a theory of pigeons’
stimulus class formation (see also Urcuioli, 2015), which has four assumptions. The first is that
the functional stimulus in an MTS task includes where and when the nominal stimulus is
presented (e.g., Iversen, 1997; Iversen et al., 1986; Lionello & Urcuioli, 1998). The second
assumption is that successive MTS promotes symmetry because half the trials end in nonreinforcement throughout all of training. Urcuioli (2015) has noted that when the standard threekey procedure is used to train conditional discriminations, once the training relations are
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acquired, the subject rarely experiences a trial that ends in extinction. By contrast, when the
successive MTS procedure is used, half the trials end in extinction even when accuracy is
perfect. Urcuioli hypothesizes that it is the continued experience with extinction that maintains
separation of stimulus classes. Third, the theory assumes that successive MTS training results in
multiple stimulus classes that consist of reinforced sample-comparison relations, and fourth, that
elements common to different classes cause class merger. This theory predicts that certain
training arrangements should result in symmetry but that other training arrangements should
result in the absence of symmetry or, in some cases, the opposite of symmetry (termed “antisymmetry” by Urcuioli).
Because the successive matching procedure involves presenting the sample and
comparison stimuli on the same response key, stimulus location is controlled across training and
test trials. The order of stimulus presentation, however, is not. For instance, in AB matching, the
sample stimulus is always presented first, and the comparison is always presented second. If
temporal order is part of the functional stimulus, then baseline performance could be
characterized as “match A1 presented at Time 1 to B1 presented at Time 2” and match “A2
presented at Time 1 to B2 presented at Time 2.” According to the theory, this should result in
two stimulus classes. The first consists of A1 in the first ordinal position (A1@T1) and B1 in the
second ordinal position (B1@T2), and the second consists of A2@T1 and B2@T2 (see Figure 1,
AB training). Note that for the symmetry test, B1 and B2 are presented as samples in the first
ordinal position (B1@T1 and B2@T1) and A1 and A2 are presented as comparisons in the
second ordinal position (A1@T2 and A2@T2) but that these stimuli are not members of the
defined classes resulting from training. Thus, accurate performance is not predicted (and has not
been observed, e.g., Frank & Wasserman, 2005, Experiment 2; Richards, 1988). However, AB
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training with intermixed AA and BB training will result in accurate performance on symmetry
because such training creates additional stimulus classes of the following stimuli: [A1@T1,
A1@T2], [B1@T1, B1@T2], [A2@T1, A2@T2], and [B2@T1, B1@T2] (see Figure 1). Based
on the assumption that a common member across classes will cause class merger, the following
merged classes are expected: [A1@T1, B1@T2, A1@T2, B1@T1, B1@T2] and [A2@T1,
B2@T2, A2@T2, B2@T1, B2@T2]. Symmetry is expected because B1@T1 and A1@T2 (and
B2@T1 and A2@T2) are now in the same class.
Urcuioli’s theory predicts that if instead of concurrently training AB arbitrary with AA
and BB identity relations, AB relations are trained with AA identity but BB oddity relations, that
anti-symmetry is predicted. As shown in Figure 2 (left), such training would result in the
following classes relevant to stimulus sets 1 and 2, respectively: [A1@T1, B1@T2], [A1@T1,
A1@T2], [B1@T1, B2@T2] and [A2@T1, B2@T2], [A2@T1, A2@T2], [B2@T1, B1@T2]. In
Figure 2, the bolded stimuli depict elements common to the class established by A1B1 training
and italicized stimuli depict elements common to the class established by A2B2 training. Note
that BB oddity training creates stimulus classes that include both B1 and B2, presented in
different ordinal positions (i.e., one class consisting of B1@T1 and B2@T2 and another class
consisting of B2@T1 and B1@T2). As a result, the merged class relevant to A1B1 training
contains B2@T1, and the merged class relevant to A2B2 training contains B1@T1. A
demonstration of symmetry requires B1@T1 and A1@T2 to be in the same class and B2@T1
and A2@T2 to be in the same class, but they are not. Instead, B2@T1 and A1@T2 and B1@T1
and A2@T2 are in the same class. Thus, the theory predicts pigeons should choose the
nonsymmetrical comparison on symmetry probe trials, and this was confirmed in Urcuioli (2008)
Experiment 4 for four of five pigeons.
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Urcuioli’s (2008) Theory of Pigeons’ Stimulus Class Formation
Urcuioli’s (2008) theory makes several unique predictions that have been empirically
validated (e.g., Campos et al., 2014; Swisher & Urcuioli, 2015; Urcuioli & Swisher, 2012),
including predictions regarding the other emergent relations that define stimulus equivalence
(reflexivity and transitivity; Sweeney & Urcuioli, 2010; Swisher & Urcuioli, 2018; Urcuioli,
2011; Urcuioli & Swisher, 2015). These latter papers are not reviewed here because the focus of
this review is on symmetry. However, it should be noted that, together, these reports provide an
extensive body of empirical support for the theory. For example, the theory predicts symmetry
after AB MTS intermixed with AA oddity and BB oddity MTS (see Figure 2, right) when visual
stimuli are used. This prediction was confirmed by Campos et al. (2014) in four of five pigeons
(the data for the remaining pigeon was suggestive). In a subsequent experiment, those five
pigeons were given training with one identity and one oddity task intermixed with AB matching.
In this instance, Urcuioli’s theory predicts anti-symmetry, and that effect was found in three of
the five pigeons.
Swisher and Urcuioli (2013; 2015) tested symmetry in successive MTS with the sample
and comparison stimuli (all visual) in different locations. In Swisher and Urcuioli (2015),
training consisted of successive AB, AA identity, and BB identity MTS with samples in the
center and comparisons on one side location. According to Urcuioli’s (2008) theory, this should
result in the functional stimulus including both when and where the nominal stimulus was
presented (e.g., A1@T1center, B1@T2left, etc.). In test, some pigeons were given BA trials with
comparisons still in the side key location, and other pigeons were given BA tests with the sample
and comparison both on the center key. Symmetry is expected in the former but not the latter test
because the theory assumes that stimulus location is part of the functional stimulus. Three of four
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pigeons in the former group showed evidence of symmetry. This group was then given a test in
which both the samples and comparisons on symmetry tests were presented on the center key,
and no pigeon showed evidence for symmetry. In the latter group, no pigeon showed evidence of
symmetry with the samples and comparisons on the center key; in a subsequent test, comparisons
were presented on the side and samples remained in the center. In this test, two of three pigeons
showed evidence for symmetry. This study lends further support to the theory and indicates
precisely when evidence for symmetry should and should not be obtained.
Urcuioli (2010) tested the assumption that non-reinforcement on negative trials (i.e., nogo trials, or those in which the sample stimulus is followed by the incorrect comparison and the
subject must refrain from responding) in successive matching is a necessary component of
training because the continued experience of non-reinforcement maintains the separation of
classes. This does not occur in standard MTS because as accuracy increases, non-reinforcement
is no longer experienced. Experiment 1 tested this assumption by reinforcing all correct
responses on AB successive trials: On positive trials, pecking was reinforced, and on negative
trials not pecking was reinforced. On AA and BB trials, no reinforcement occurred on negative
trials. According to the theory, symmetry is not predicted because distinct classes of stimuli
should not have formed. Three of four pigeons showed no evidence of symmetry and one
showed strong evidence. Urcuioli speculated that the latter pigeon may have shown symmetry
based on differential responding to the different stimulus classes and a subsequent experiment
tested that hypothesis in different pigeons. The results, however, are difficult to interpret because
most of the pigeons were unable to acquire the training task.
Researchers outside of the Urcuioli lab have also empirically tested the theory. Fagot et
al. (2018) investigated whether stimulus location exerted stronger control over baboons’
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responding than the relation between trained stimuli and made a comparison to human
participants who were trained on the same task. Both sets of subjects were trained on a serial
reaction time task with visual stimuli. At the beginning of a trial, a simultaneous, simple
discrimination was presented on the left side of a computer touchscreen. Stimuli were arranged
vertically and whether the S+ was presented on the top or the bottom remained constant over
trials. After the stimuli were presented, the S+ blinked to indicate a response could be made. A
correct response resulted in the presentation of a different pair of stimuli presented on the right
side of the screen (another simultaneous, simple discrimination). A correct response resulted in
food (baboons) or feedback (humans). Thus, this was a sort of pairing procedure in which the S+
in the first discrimination predicted the S+ in the second discrimination, but this relation was not
explicitly trained. Training relations included A-B, C-D, and E-F, where each letter represents
the S+ from the first and second discrimination, respectively. Test trials consisted of
presentations of B-A, E-D, and F-C discriminations. Relative to training, these trials either
disrupted: (1) the position of the stimuli but not the relation between the them (B-A); (2) the
relation but not stimulus position (E-D), or (3) both the relation and position (F-C). The primary
dependent measure was reaction time (RT) to the S+ in each discrimination.
Symmetry and control by position were analyzed over the first 10 test trials. Symmetry is
evident with faster RTs to the S+ in the second discrimination for the B-A trials relative to the FC trials. Control by position is evaluated by comparing RT between the E-D and F-C trials. For
the humans, half of the participants showed a decline in RT across training blocks, and Fagot et
al. interpreted this as the participants learning that the first S+ predicted the second S+. They
separated participants based on verbal reports of having noticed the relation between the stimuli
across discriminations and those who did not and examined RTs. Participants who reported
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having noticed that the first S+ predicted the second showed a decline in RT as training
progressed, whereas those who did not report this did not. The former participants also initially
responded faster on B-A than the other trials, indicating symmetry. In addition, RTs on E-D trials
were faster than those on F-C trials, indicating some control by position. Participants who did not
report noticing that the first S+ predicted the second did not show evidence for symmetry.
For the baboons, training accuracy averaged 73%. The baboons were separated into
groups based on RTs to the second discrimination in training (i.e., those that showed a decline
and those that did not). In the test session, subjects that showed a decline in RT during training
showed the fastest RT on E-D trials (accuracy was 90%), indicating control by the stimulus
position pair. In addition, there were faster RTs on B-A trials than F-C trials (accuracy was 70%
on both trial types), but this was not significant. The remaining group of baboons showed similar
RTs on all pairs and accuracies were 85% on all trial types. These data provide evidence from a
procedure other than MTS that for nonhumans, where or when a stimulus appears exerts stronger
control over responding than the relation between stimuli. Moreover, these data show the
opposite for humans: The relation between stimuli exerted stronger control than location. Finally,
this study potentially illustrates another way to assess symmetry and other emergent relations.
Prichard et al. (2015; Experiment 1) conducted a systematic replication of Urcuioli
(2008) in 14 rats, but only seven reached the training criterion and were able to be tested for
symmetry. The stimuli were scents that were pumped into a nose poke aperture. A successive
MTS procedure was used to teach AB, AA, and BB MTS. Initially, training with all tasks was
intermixed but when rats did not meet criterion, each task (e.g., AA) was trained individually.
Then, all tasks were intermixed within training sessions prior to testing. Symmetry was tested
with unreinforced probe trials inserted into the baseline. Response rates were low on symmetry
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trials and no evidence of symmetry was demonstrated. Prichard et al. noted that there were
multiple procedural differences with this procedure compared to the successful pigeon studies
that may be responsible for the different results. One notable difference is that the AB, AA, and
BB tasks were trained sequentially rather than intermixed, but the latter seems especially
important for symmetry (Lionello-DeNolf, 2009). Another potentially important difference was
the use of olfactory rather than visual stimuli. In a follow-up experiment, Prichard et al. trained
four identity relations and tested transfer to novel identity trials in probe tests, indicating that the
subjects were able to show other emergent relations with the general training procedures. This
result is also inconsistent with Urcuioli’s theory because the rats did not have prior experience
with the novel stimuli in the different temporal positions. Prichard et al. suggested that which
features of a stimulus that are more likely to gain stimulus control may differ across species and
that MET might be especially important for reducing control by these irrelevant features.
Picanço & Barros, (2015) assessed the emergence of symmetry during, rather than after,
conditional discrimination acquisition in two monkeys using successive MTS with visual stimuli.
There were two training conditions. In the first, two symmetrical relations were trained: A1B1,
A2B2 and B1A1, B2A2. In the second, two nonsymmetrical relations were trained: C1D1, C2D2
and D1C2, D2C1. If symmetry is evident, acquisition is expected to be quicker in the
symmetrical than the nonsymmetrical condition. One monkey was trained on each condition
twice. This monkey reached the training criterion (85%) faster in the symmetrical than the
nonsymmetrical condition. The other monkey was only trained on each condition once and
showed no evidence of symmetry. The authors speculated that the FR 3 observing requirement
was insufficient for this monkey and that symmetry would have been observed if a higher FR
had been used.
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Summary and Conclusion
The current review examined 16 studies that investigated symmetry in 94 subjects,
including pigeons, rats, capuchin monkeys, and baboons (see Table 1), and symmetry was
observed in approximately 30% of subjects. In all the studies, the procedures were designed to
minimize control by irrelevant aspects of the stimulus and several incorporated MET. No
evidence for symmetry was found in at least four of the studies (Bujedo et al., 2014; Fagot et al.,
2018; Medam et al., 2016; Prichard et al., 2015), and three studies found mixed evidence
(Picanço & Barros, 2015; Urcuioli & Vasconcelos, 2011; Velasco et al., 2010). While the
remaining seven studies report evidence for symmetry in most of the subjects from at least one
experiment, the symmetry performances in three studies can be attributed to other variables. The
symmetry performance by the monkey in Brino et al. (2014) was shown to be a false positive by
using tests for select and reject control. In Campos et al. (2011), four pigeons showed evidence
for symmetry in a simultaneous successive discrimination procedure, but follow-up tests
(Campos et al., 2015) showed that those results could be explained by primary stimulus
generalization for all but one pigeon. Finally, the better performance on symmetry relative to
non-symmetry trials in Soares Filho et al. (2016) could be a result of stimulus discriminability,
which was not tested in that study. These studies underscore the need to conduct stimulus control
analyses on observed emergent performances to confirm a true positive finding. For the
remaining four studies (Campos et al., 2014; Swisher & Urcuioli, 2013; 2015; Urcuioli, 2008),
there does not appear to be an alternative explanation for the symmetry performances. All
involved pigeons trained on successive MTS with concurrent AA and BB identity training
(termed the intermixed successive MTS procedure) using visual stimuli. These studies provide
support for Urcuioli’s theory of stimulus class formation, and, notably, are all from the same lab.
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Future work from additional researchers could strengthen support for this theory and further
discussion on the nature of this emergent behavior.
The current review shows that the literature supporting Urcuioli’s (2008) theory of
stimulus class formation is convincing, at least for pigeons. This theory holds that the functional
stimulus includes where and when a stimulus appears in addition to what it is, and that evidence
for emergent relations will be found when training results in stimulus classes that include all the
functional stimuli (cf. Dube & McIlvane, 1996). Three studies have attempted to test this theory
in other species. Prichard et al. (2015) conducted a systematic replication in rats but did not find
evidence for symmetry. This is interesting because previous work has shown that, in two-choice
MTS, stimulus location is part of the functional stimulus for both pigeons and rats (Iversen,
1997; Lionello & Urcuioli, 1998), suggesting that procedures that eliminate control by location,
such as the successive MTS procedure, should result in demonstrations of symmetry for both
species. Notably, studies demonstrating control by location used visual stimuli, as have all the
studies demonstrating symmetry in pigeons. By contrast, Prichard et al. used olfactory stimuli,
which may have contributed to the difference (among other procedural variations, such as
sequential rather than intermixed identity training). Picanço & Barros, (2015) used successive
MTS without intermixed identity trials and showed evidence of symmetry in faster acquisition of
symmetrical relative to nonsymmetrical relations. Finally, in a serial reaction time task, Fagot et
al. (2018) did not find evidence for symmetry in baboons, but their testing procedure verified
that temporal position and stimulus location were part of the functional stimulus.
The studies included in this review point to some interesting directions for future
research. First, additional work is needed to determine if the intermixed successive MTS
procedure is successful in producing evidence for symmetry in species other than pigeons and
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with stimuli other than visual stimuli. The type of stimulus is an important area to explore in this
paradigm, as emergent relations have been demonstrated in humans using visual, auditory,
tactile, and gustatory stimuli (e.g., Bush, 1993; DeGrandpre et al., 1992; Hayes et al., 1988;
Stewart & Lavelle, 2013), but there has not yet been any research conducted on whether stimulus
location is important with stimuli other than visual stimuli. It is possible that some combinations
of procedures (e.g., standard MTS, successive MTS) and stimulus modalities (e.g., visual,
olfactory, etc.) will be better suited to some species than others. For example, Iversen (1997)
showed control by stimulus location in rats using visual stimuli in a standard MTS procedure,
suggesting that successive MTS may be a better procedure to use to assess symmetry. However,
Prichard et al. (2015) used a successive MTS procedure and olfactory stimuli with rats and found
no evidence for symmetry. This can be contrasted with the results of Bunsey and Eichenbaum
(1996), who did find mixed evidence for symmetry in rats using olfactory stimuli in a standard
MTS procedure (note, however, that the defined response also differed across these studies and
that responses on symmetry trials were reinforced in Bunsey & Eichenbaum, without any
controls for acquisition as a result of reinforcement). Thus, future research should consider
ecological variables relevant to the species being tested when designing procedures, selecting
stimuli, and determining potential sources of irrelevant stimulus control.
There are several other potential areas for future research. One is development of
procedures that use location itself as a stimulus. García and Benjuema (2006) provided some
evidence for symmetry when where pigeons responded was part of the symmetrical relation, but
Vasconcelos and Urcuioli (2011) were only able to partially replicate that result, and only when
procedural changes were made. In addition, studies that combined MET with other procedures,
such as comparisons between symmetrical and nonsymmetrical reinforced relations, are also
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promising and should be refined. Finally, it would be interesting to explore MET in the
intermixed successive MTS procedure to determine whether intermixed identity training could
be discontinued at some point with new stimulus sets and emergent symmetry still be observed.
The results of Frank and Wasserman (2005) and Urcuioli and colleagues (Campos et al.
2014; Swisher & Urcuioli, 2013; 2015; Urcuioli, 2008) do show emergent BA matching after AB
training that appears to be symmetry, but one question that remains is whether that performance
is based on the same behavioral processes as humans, and there has been some debate on this
point (Galizio & Bruce, 2018; Hughes & Barnes-Holmes, 2014; McIlvane, 2014). Symmetry is
defined as a bidirectional relation between two stimuli that results from unidirectional training
(Sidman 1990; 1994; 2000). This means that if Urcuioli’s theory is correct, the emergent
symmetry by pigeons in the intermixed successive MTS paradigm involves at least four stimuli
(A1@T1, B1@T2, A1@T2, and B1@T1) rather than two, which is inconsistent with symmetry
as defined (Galizio & Bruce, 2018). Moreover, demonstrations of anti-symmetry (Urcuioli,
2008) may also suggest that emergent performances are different than symmetry. Proponents of
relational frame theory (RFT; e.g., Hughes & Barnes-Holmes, 2014), take this argument further
by pointing out the current demonstrations of symmetry in nonhumans lack the flexibility seen in
humans, such as demonstrations across stimulus modalities, training structures (e.g., Sadeghi &
Arntzen, 2018), and procedures, including non-MTS procedures (e.g., Leader et al., 1996). Thus,
another potential area for future research is to determine if emergent performances resulting from
the intermixed successive MTS procedure show the same sorts of effects as those in the standard
MTS procedure, such as transformation of function and class expansion.
The mixed and positive demonstrations of symmetry reviewed here and in LionelloDeNolf (2009) highlight that stimulus control will vary depending on the training procedure
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used. For example, that some studies have found that temporal order or location of stimuli is
important for demonstrating symmetry and others have not illustrates the different types of
control that the procedures may promote. It is likely that no single study is ever going to
conclusively provide evidence for symmetry in nonhumans (cf. McIlvane, 2014). However, the
convergence of evidence from a variety of studies using different species and procedures, and
demonstrating other equivalence phenomena (e.g., transfer of function [e.g., Gandarela et al.,
2020; Greenway et al., 1996], nodal distance effects [Albright et al., 2019; Fields et al., 1995])
may ultimately settle the matter. For example, procedural variations to the serial reaction time
task used by Fagot et al. (2018) are promising. Despite the equivocal evidence for symmetry in
nonhumans, the positive demonstrations of emergent behavior in nonhumans reviewed here and
elsewhere (e.g., Khallad, 2004; Zentall et al., 2014) provide strong evidence for conceptual
behavior in nonhumans that cannot be reduced to basic processes such as primary stimulus
generalization and suggest that alternative procedures may ultimately result in successful
demonstrations of symmetry.
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Table 1
Investigations of Symmetry in Nonhumans Published from 2007 through 2019
Authors

Species

Symmetry?

Brino et al.
(2014)

1
capuchin
monkey

Yes

Bujedo et al.
(2014)

4 Pigeons

No

Campos et
al. (2011)

4 pigeons

Yes (4)

Campos et
al. (2014)

5 pigeons

Yes (4)

Fagot et al.
(2018)

15
baboons

No

Navarro &
Wasserman
(2020)

4 pigeons

No

Medam et al.
(2016)

15
baboons

No

Picanço &
Barros
(2015)

2
monkeys

Mixed (1)

Procedural
information
Pre-experimental MET
Assessed select/reject
control in baseline and
symmetry
performance

Mean #
training trials

MET with up to 12
stimulus sets; no
location controls
Simultaneous
successive MTS with
sample and
comparison presented
on the same response
key

17,152

Successive MTS with
AB training
intermixed with AA
and BB oddity training
Serial simultaneous
discrimination tasks in
which the S+ for the
first task predicted the
S+ for the second task;
tests reversed the
discriminations to
assess symmetry;
included tests for
control by stimulus
position
MET with a
comparison of
acquisition of
symmetrical vs.
nonsymmetrical
relations; no control
for stimulus location
Categorization training
prior to assessing
symmetry
Concurrent training of
AB and BA in which
either two symmetrical

6,393

*

2011: 952
2015: 322

Humans: 480
Baboons:
1,920

Humans: 896
Pigeons: 6,720

Ex. 1: 4,274
Ex. 2: 29,820
9,150

Alternative
explanation
Stimulus control
assessment on test
trials revealed lack
of control between
the sample and
correct comparison

Primary stimulus
generalization;
tested by Campos
et al. (2015) in the
same pigeons; 1/4
showed evidence
for symmetry

AN UPDATE ON THE SEARCH FOR SYMMETRY

Prichard et
al. (2015)

7 rats

No

Soares Filho
et al. (2016)

1 monkey

Yes (1)

Swisher &
Urcuioli
(2013)

12
pigeons

Yes (7)

Swisher &
Urcuioli
(2015)

7 pigeons

Yes (5)

Urcuioli
(2008)

7 pigeons
(Ex. 3)

Yes (4)

Vasconcelos
& Urcuioli
(2011)
Velasco et
al. (2010)

32
pigeons

Mixed
Ex. 1: 4/6

4 pigeons

Mixed (1)

or two nonsymmetrical relations
were compared
Successive MTS with
sequential training on
AB arbitrary and AA
and BB identity tasks
Comparison of test
sessions with
consistent vs.
inconsistent
responding reinforced
Successive MTS with
AB training
intermixed with AA
and BB identity
training; varied
stimulus locations
Successive MTS with
AB training
intermixed with AA
and BB identity
training; varied
stimulus locations
Successive MTS with
AB training
intermixed with AA
and BB identity
training
Assessed symmetry
between a particular
location and a stimulus
Within-subject
consistent/inconsistent
manipulation

40

3,600

1,056

5,304

Slower acquisition
on inconsistent
trials may be
related to reduced
stimulus
discriminability

1,695

4,867

3,760
7,176

Note. Training trial data indicate mean number of trials on trained relations across all subjects
and relations unless otherwise noted. Caution should be taken when comparing training trials
across studies because the studies differed in the procedures used, the number of AB relations
trained, and whether the subjects were experienced or naïve. In addition, the total number of
training trials was often not directly reported and has been derived from other information
presented in the papers. “*” indicates the number of training trials could not be determined.
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Figure 1
Stimulus Classes Resulting from Intermixed AB, AA, and BB Training with Two Sample and Two
Comparison Stimuli
Training
Stimulus
Set 1

Stimulus
Set 2

Stimulus classes
from AB training

A1@T1
B1@T2

A2@T1
B2@T2

Stimulus classes
from AA training

A1@T1
A1@T2

A2@T1
A2@T2

Stimulus classes
from BB training

B1@T1
B1@T2

B2@T1
B2@T2

A1@T1
B1@T2
A1@T2
B1@T1
B1@T2

A2@T1
B2@T2
A2@T2
B2@T1
B2@T2

Classes resulting via
merger of common
elements

Required for Symmetry
Stimulus
Set 1

Stimulus
Set 2

B1@T1
A1@T2

B2@T1
A2@T2

Note. Bolded elements illustrate elements that are common to classes formed for stimulus set 1
and italicized elements illustrate elements that are common to classes formed for stimulus set 2.
In addition, proposed stimulus classes related to each trained A-B relation are indicated by solid
or dashed boxes around elements. In the boxes indicating the merged classes, elements needed
for symmetry are circled.
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Figure 2
Predicted Stimulus Classes when AB Training is Combined with AA Identity and BB Oddity or
AA Oddity and BB Oddity Based on Urcuioli’s (2008) Theory

Based on:

Urcuioli (2008)

Campos et al. (2014)

Stimulus
Set 1
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Set 2

Stimulus
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Stimulus
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Stimulus classes
from AB training
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Required for
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Note. Elements common to each proposed stimulus class are indicated by bolded letters and
italics. In addition, proposed stimulus classes related to each trained A-B relation are indicated
by solid or dashed boxes around elements. In the boxes indicating the merged classes, the circled
stimuli indicate predictions based on Urcuioli’s (2008) theory. The merged classes under the
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Urcuioli (2008) heading reflect the anti-symmetry prediction: Comparison A1 should be chosen
after aB2 sample, and comparison A2 should be chosen after a B1 sample in the symmetry test.
The merged classes under the Campos et al. (2014) heading reflect the symmetry prediction:
Comparison A1 should be chosen after a B1 sample, and comparison A2 should be chosen after
a B2 sample in the symmetry test.

